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TIlE STATUS OF EVIDENCE BEARING ON OP'l'IMU14 SIZE FOR 

FIRST CAP'l'Ufu. OF ICNAF SUBAREA 4 COD 

By W. R. Martin 

Fisheries Research Board of Canada 
Biological Station, st. Andrews, N. B. 

Abstract 

A IO-year study of ICNAF subarea 4 COd has demonstrated 
that sizes, abundance and landings are controlled by the environ-' 
ment and by fishing. SpeCial emphasis has been given to tha cod 
fisheries of subdivisions 4T and 4X, but the results are believea 
to be applicable to tha whole subarea, west of the Laurentian 
Channel. 

iLandings depend in pert on the abundance of year-classes. 
Year-clasa strength is related to water temperatures during early 
development. Good year-classes have been produced in relatively 
cold ye.n. 

The growth rate of cod is of considerable importan~e as 
a limiting factor on landings. An increase in coli growth in 1955 
and 1956 in subdivision 4T was coincident with a herring disease, 
~21~~~ l.~lFi~~~~~dand with a reduced density of cod. The ;; II landings of cod. 

Landings have been positively correlated with landed 
price of cod. Adverse economic conditions have reduced landed 
price and landings. 

Construction of models of the fisheries shows that 
landings can be expecoed to decrease when size at first capture 
is too small, or when fishing intensity is too high. optimum size 
for first capture is estimated to be considerably higher than the 
50~ retention lengto of • 4t inch mesh. Optimum fishing intensity, 
for high catch-per- mii -f!ffort cmnsistent w1th maximum landings, is 
oaloulated to be lower than that of the 1950's, at comparable 
sizes for first capture. 

The large increases in sizes, abundance, and landings 
of subarea 4 cod at the end of World War II, following a perIod of 
reduoed otter traWling! are consistent with the changes expected 
from the study of mode s. 

It is contended that adoption of a 4t inch mesh size 
for 8ubarea 4 cod is only a first step in international manage
ment, and that as B second step a mesh size of 5t to 6 inches is 
believed to be desirable and practicaL Equivalent restl'1ction ot 
hook and line fishing may also be required. 

Methods of measuring the effects of regulations requ1re 
special emphasis in the research program. 
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Figure 1. Cod landings ror the years 1938 to 1955 from subarea 4 

(excluding subdivision 4R) in Canada, Europe (France, 
Portugal, and Spain), United States. Combined landings 
are shown as total. 
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IAtEodVCtiop 

In 1955 the International Commission for the Northwest Atlantic Fisheries recommended a 4t inch mesh size for ood and heddock fishing in subarea~. This mesh regUlation was proposed to increase landings from these fisheries. Adoption of this mesh regUlation will release large numbers of small, fast-growing fish at si •• s which were previously caught and discarded at sea because they were unmarketable. It is expected thet many of these tish will live and grow to augment the landings ot marketable sizes. 

!his paper contends thet adoption ot a 4t inch mesh is only a tirst step in making better use ot the subarea ~ cod stocks. !he status ot evidence bearing on optimum size tor first capture ot two stOCks of cod is considered. A discussion ot various .ash and hook si.e. indicates thet a further increase in size at tirst capture ot subarea ~ cod is a practical possibility. Finally, a number ot research problems are proposed tor action before the Commission takes additional steps in the management ot subarea ~ cod. 

Sub"" ~ 1apd1ng. 

Annual landings ot cod trom subarea ~ heve varied widely. Landings tor the period 1938 to 1955, as recorded in ICBAr Statistical Bulletins, are plotted in Figure 1. Cod trom subdivil10n ~R heve been excluded since they are part ot the difterent cod stocks which live east of the Laurentian Chennel in subarea 3 (Templeman, 1955). Canada, united states and three BUropean countries, France, Portugal and Spain, heve shered the catch in the proportions shown. The Canadian statistics are based on landings trom .ubarea ~ in Canada, axcluding rewtoundland. !bis is reasonable because most or the Xewtoundland landings trom suberea ~ were taken trOll subdivi.ion ~a and landings in other Canadian Atlantic province. trom .ubd1;{.ion ~R were negligible. !otal United States landings trom subarea ~ are shown. Here again, landings from subdivil10n ~R were vel'7 s.ll. It hes been necessary to e.ttate mo.t ot the Buropaan landings. Landing. tor 1954 and 1955 heve bean raported ~ subdivisions, and combined landings trom all .ubareas are available tor the whole period. On the ba.i. ot percentages landed trom subarea ~ (excluding ~R) in l~ and 1955, landings tor the years 1938 to 1953 heve been .stimated to be .,. ot the total landings. Landings by Latin countri .. trOll subarea ~ are known to heve been small during ;war 7 •• rs. !otal landings ot cod troll subarea ~ (excluding subdivision ~R) are recorded as the SUII ot these reported and e.timeted .t.tistics. 

!he.. total landings are shown again, in relation to size. landed and abundance indices, in Figure 2. Annual variation in 8izes land.d i8 indicated by the percentage ot large ood (over 10 pounds, head-on, gutted weight) in ODited 
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Total cod landings from subarea 4 (excluding subdivision 
4R); percentage of large cod in United States landings 
from this area; and landings per weekly trip of scrod, 
market, and steak cod by Canadian trawlers. 
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States land1ngs from subarea 4. Ind1V~dual tr1p reports for 
Canad1an otter trawlers (151 to 500 gross tons) provided 
1nd1cea of abundance for steak (over 10 poundS! head-ant gutted 
we1ght), asrket (2.5 to 10 pound.) and scrod ( .5 to 2., pounds) 
cod. 

Dur1ng war years total fishing effort decreased 
aharplY and th1s was part1cularly true for otter trawlers. .-,st 
of the Buropean fish1ng 1n the southern part of the Conven~~" 
Area waa by Portuguese dory schoonera, and little of this __ . 
carr1e" out in subarea". l1nited Statea otter trawlers U .. ·· 
leas 1n subarea 4, especially 1n 1942 and 1943. The f1ve~.:i~·. 
Canad1an 011_ trawlerswh1ch were in operation before the · .. ·i·. 
w~verW" fl'DII f1shiIJIg during the early war year.. Cania'll1D 
otter traw11ng d1d not start to expand until 1945. 

At the end of the war Canad1an line fishermen landed 
more cod per year from subarea 4 then all countries comb1ned 
landed in 1938 or 1955. The abundance of cod, as measured by 
average land1ngs per weekly trip of otter trawlers, increased 
to a peak 1n 1944. Average landings per trip of steak cod were 
higher then than the average landings per trip of all size 
categories of cod 1n the years 1951 to 1953. The proportion 
of large cod 1n United States cod landings r~om subarea .. 
1ncreaaed dur1ng war years and reached about 50~ by we1ght 
dur1ng the years 1946 to 1948. 

To sum up, h1gh total land1ngs, h1gh ind1vidual 
catches, and large sizes of cod were taken from subarea" at 
the end of World War II. 

A number of explanations for this peak in the cod 
fishery have been considered. 

(1) Gordon (1955) has shown that Canadian land1ngs of 
cod have been correlated with economic factors. During 
depreasion yeara, in the 1930'., landed price and landings 
were low for cod. During war year. lended price and 
land1ngs were h1gh. He pOinted oat that the economic 
relationahip was tentative, and that other cyclical 
changes were observed which coald not be attributed to 
flactuations in economic factor •• 

- . , 
".".:, ) JllLeUUl and Lauder (1956) have shown that the 
" " 10 11t M440ck to cod landings for subare .. hal 
:<i • t.W aJlDually in a asnner similar to" CI'IIIiair.. in 

.. ter temperature on the Scotian Shelf. The relationship 
i. consistent w1th the known preference of eod for colder 
water than that favoured by haddock. 

(3) Changes 1n distr1bution, recru1tment, and growth of 
col! asy have resulted in the peak landings of cod. Large 
variations in all three factors have been observed in 
other areas w1th resultant effect. on landings. 
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(4) The s1tuation resembles that of some of the 
groUDdf1sh of the North Sea lmmediatelr following each 
World War (Graham, 1956) whan land1ncs, abUDdance and 
s1zes of f1sh all ~cre8sed fol1ow1nc a per10d of 
craatlr reduoed f1~1ns .tfar~. F1shinC erfort d1d 
not chenge as dpaet'1oall,. 1n subarea ... dUJ'~1l war years 
as, -ill-' the lortlt if-. ,-'Ottte:r trawl1nc declilled to a 
ve1'7" low level ny-the lliddle ot the war, the .mount of 
line f1sh1ng gear, as reported in F1sheri •• Stat1stics 
of Canada, decreased, but remained larce enouch in 
subarea 4 to ma1nta1n land1ngs at a level equal to 
thet of total land1ngs 1n 1938 or 1955 w~ inter
nat10nal fish1ng w1th all types of gear wail IlUch more 
intensive. 

(5) The h1gh relat1ve 1mportance of line f1shing during 
war rears meant that the size of cod at t1rst capture 
was larger then then during the post-war per1od. Br 
1954 over half the cod catch Waa taken by s .. ll-meshed 
otter trawls, and the s1ze at first capture was 
cons1derably smaller than it waa dur1ng war. years 
when otter traw11ng was of l1ttle 1mportance in the 
f1shery. 

The subarea 4 cod stocks were not stUdied b1010g1cally 
dur1ng war rears, and the relat1ve 1mportance or the.e var10us 
factors 1s not known. However, subsequent invest1gat10ns of 
the1r effects on the quantit1es and s1zes of cod landed from 
subarea ... have prov1ded background for 1nterpretation of earlier 
fluctuat10ns, and for pred1ct10n and ... nagement of the cod 
fisherr. Some of the results of thase cod studies are cons1dered 
in this paper. 

Lapding. by subdiyision. 

The subarea'" cod-fishing grounds are divided by 
tortuous land ..... e.!and by deep-water gulfs and gullies, 
into a nuaber of dis~inct regions. South of lova Scotia 
inshore grounds are separated from offshore grounda, and 
offshore grounds are divided into a number of banltl. In the 
Gulf of st. Lawrence there is en exten.ive shoal-water fiahing 
area extend1ng from Cape Breton Island to the ;aape Pen1nsula. 
Extensive stUdies of vertebral counts (McKenzie and Smith, 
1955) and tagging (McKenzie, 1956) have shown that these 
various fishing grounds support a number of cod populat1ons. 
Separate inshore cod popUlations are found off western, 
central, and eastern Nova Scotia. On offshore Nova Scotia 
b&DkII cod populatiolls are similarly divided. Gulf of st. 
Lawrence cod are d1stinct from these lova Scotian cod popula
tions. 

The statistical subdivisions of subarea 4 conveniently 
separate the major cod stocks along the southern Canadian main
land, and further discussion of cod populat10ns will use the.e 
teras of reference. 
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The quantities of cod landed by gear and by country 
fro. tbe various subdivisions of subarea 4 in 1954 and 1955 
ar, shown in Filure 3. Cod has been an important commercial 
_paoies in all subdivisions. The smalle.t landings were taken 
from subdivision ~ aDd the largest landings from subdivision 
4T. 

Otter tra.l~ be. become increasing17c1a~rtant 
during tbe post-war .• p«Plod. lIore tun belf the; lIII;jj!;l.ngs were 
taken by otter tr.w181'8 in 1951+. and additional .... n quantities 
were landed by similar cear, Splnish pair trawl... '!he . 
remainder were taken by miscellaneous fishing, ma1nly by inshore 
hook and line gear (longlines and handlines with baited hooks). 
Dory schooners. jigs. and a few trap nets contr.1wted small 
percentaces of the .iscellaneous landings. II~ Of the line 
fishing, which was of primary importance durlqftr years, haa 
been replaced b7 otter trawling. ' . 

. 1I0st of til. 1III1ted st~tes cod landinli .... ere taken by 
otter trawlers fro. · . ..,..s..1dO!l. "X. 'Irawler. t~ France. 
Portugal and Spain fishad iluring spring montha 1n deep water' 
along the Laurentian Channel, and took large catches from 
subd1v1sions 4" 4~ and 4v. 

Call/iko1~hing accounted for a large .hare of the 
cod lendings~m""'·subdiv1sions. In subdivision 4T there 
has been a rapid post-war conversion from line fishing craft 
to dr.aggers (.mall otter trawlers of 26 to 50 gross tons). 
However'j inshore line fishing has continued to be important in 
subdivision 4T, particularly along the Ga.p€ coast of Quebec. 
In subdivision 4x cod have been mainly caught on rough bottom 
with baited hooks. Adoption of 10ngl1ning with power hauler. 
has increased the efficiency of line fishing there since the' 
end of World War II. 

Biological investigations of the cod fisheries off 
Caraquatl ' ••. B., in subdivision 4T, and oft Lockeport, N. S., 
in subdiY1sion I+x, have provided detailed information on 
geographiC and annual variations in the cod landings from 
subarea 4. In both cases, studies have been carried out from 
the principal landing port in a subdiviSion where Canadian 
fIshing-aCcounted for ~ost of the total catch. 8inee about 
half the cod taken west of the Laurentian Channel in subarea 4 
have come from these two subdivisions. the re.ults undoubtedly 
apply to the whole subarea. The biological characteri.tics 
ot;" codtrom subdivi.ions 4V and 4w are intermediate. between 
those' or 4T and 4x. 'Ihe following two .ection. will deal w1t~ 
some of the results of the studies of subdivisions 4T and 4X 
cod. 

Subd1v1.ion 4T cod 

been 
1I0st of the cod caught in subdivision 4T have 

Canada, and most of these Canadian landing. baYe 
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Figure 5'. Annual variation in landings, landings per "Gloucester" 
dragger per week, sizes, agE3, and landed price of cod 
in northern New Brunswick, Canada j during the years 
1947 to 1956. 
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been in the provinces of Quebec, New Brunswlck and Prince 
Edward Island. Landings f~om other subdivisions 1n these 
provinces have been small. Statistics of cod landings in 
Quebec, New Brunswick and Prin~e Edward Island for the years 
1913 to 1956 are shown in Figure 4. The annual variations are 
believed to be of the same order as annual variations in tot.l 
landings from subdivision 4T. 

Annual landings were lowest in 1937 and highest in 
1918, 1946 and 1956. Landings were relatively low during 
depression years, and relatively high during the latter part 
ot each World War. Shorter-term variations in landings were 
also large. Landings in 1956 were almost double those of 1954. 

Landings in New Brunswlck during the past 10 years 
(1947 to 1956) are shown in Figure 5. Most of the New Brunswick 
cod have been landed along the northeast shore of the province, 
in Gloueester County. Landings there Incraased In 1946, befere 
draggers were introduced to the Gloucester County fishery in 
1947 (Figure 4). By 1954 the line fishery took only about 20% 
of the New Brunswlck landings, and draggers landed the other 
80%. During this conversion from line fishing to dragging, 
total cod landings in Gloucester County remained fairly steady 
&t,abmlt 20 &1111on pounds per year until 1954. Landings t~n 
increased to 39 million pounds in 1956. During the expans10n 
ot the dragger fleet, landings per week of fishing by "Gloucester" 
cla.s draggers decreased from 39 to 21 thousand pounds (Figure 5). 
In 1956 this abundance index increased again to 27 thousand 
pounds. 

Sit" IpC age.. The average sizes and ages of cod landed 
b,. Caraquet draggers varied a great deal during th1s 10-year 
period (Figure 5). Dur1ng the years 1947 to 1951 the cod were 
relatively large (average 5 pounds) and old (average 8 years). 
Average s1ze and age decreased in 1952, and accord1ng to 
llarcoth (1955) decreased substantially fr'om 1952 to 1953. Our 
.ampling was incomplete in 1953 and 19~. In 1955 cod were 
s1milar in size to those landed in 1952, but they were tastar
grow1ng cod, averaging about one year younger. In 1956 growth 
continued to be rapid. Average size of dragger cod Was the 
highest 1n 10 years, but the average age was lower than that 
observed in the years 1947 to 1952. 

The .1.e8 and ages of cod landed by draggers at 
CaraqUllt are shown in greater detail 1n Figure 6. During the 
year. 1948 to 1950 many age groups were represented in the 
landings, and average size and age increased slightly as the 
dominant 1941 year-cla.s passed through the fishery. In 1951 
younger age groups became more Important~ and the proportion 
of scr04 coil '1b.creaslld. In 1952 and 195, the dominant age 

, grobll' till 5-1ear-old'r1sh. In 1956 average age increased by 
a year, and the dominant .ize group was 5-pound cod. 

Siz •• discarded. In 1956 the regular sampling for length 
composition of commercial landings of cod at Caraquet was 
suppleaented by samp11ng of the sizes and relative numbers of 
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cod discarded at sea from commercial draggers. Five trip. were 
made OD draggerl (55-75 feet) to Bonaventure Island and Orphan 
ground. (30-125 fathoma). Two trips were made on smaller 
draggerl (45-49 feet) to Chaleur Bay and Shippegan Gully grounds 
(20-45 fathoms). In all cases the mesh size was 3t inches 
between knot centres, new, 100/3 strand manila, or about 2 7/8 
inches! inside, stretched, used~ wet measureo The results are 
summarized in Figure? The percentages of cod discarded were 
IB by nttmber and 4 by weight for the deep-water, large-fish, 
large-dragger trips, and 55 by number and 14 by weight for the 
lhoal-.ater, small-fish, small-dragger trips. Most of these 
cod ~re 'dead or beyond recovery when rejected at sea as 
unmarketable fish. 

tagging. Cod were tagged in the Caraquet area in 1955 to 
provide information on movements and mortalities. Yellow 
plastiC Peter.en disk tags were attached with stainless steel 
wire to the backs of 2,650 cod, and Lea hydrostatic tags were 
similarly attached to 1,208 cod. 

the locations of recaptures to May, 1956, of Miscou 
and Shippegan Gully taggings are shown in Figure B. During the 
"summer" season of June to November, 19,5, most recaptures were 
taken by canadian dragger. close to the area of tagging. Some 
of the cod,moved in a northeasterly direction during this 
season. the Gulf fishery stops because of bad 'weather and ice 
conditions during the 'winter" season of December to May. But 
durlna this 'winter" period the tagged cod continued to be taken 
alona tb8 Laurentian Channel off eastern Nova Scotia. Most of 
these recaptures were taken by large European trawlers operating 
in deep water, over 100 fathoms. In the • summer " of 1956 mo.t 
recaptures were again taken by Canadian draggers 1n the northern 
part of subdivision 4t. It is apparent that these cod support 
two ma30r fisheries, ODe in the western Gulf of St. Lawrence 
during summer, the other in the western Cabot Strait area in 
winter. 

rhe distribution of tag recoveries, by season and 
by subdivision, is s~rized below. About 2~ of the cod 
tagged during the summer of 1955 had been recaptured and 
reported by the end of December, 1956. 

June-December January-May June-December 
~YR91V~8iog l222 ~226 ~226 

4r 163 14 255 

4v 2 50 1 

Other. ' 2 9 4 

Factors .trectin! landings. Some of the causes ot annual 
variations in landings of subdiv1sion 4T cod are considered 
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under environmental and fishing headings. The environmental 
factors are described under "recrUitment" and tlgrowthtlo Effects 
of fishing are considered under "landed prioe lt and "m8delstl~ 

Cal Recruitment. At the nor,hern l1m1t of the cod range, 
in subarea 1, Hansen and Hermann (1953) have observed that the 
year. with the highest temperatures coincide with the best 
year-cl,.ses in cod~ Conversely~ at the southern end of the 
cod ranae, in subarea 5, Martin (1953) has observed that high 
yields ot cod were produced when surface temperatures were 
below the long-term average~ and low Yields of cod have been 
observea when average temperatures during the first year of 
develop.ent were above normalc 

Mean surface water temperatures 1" su'odlvls1on 1+1'" 
at Entry Island in the Magdalen Islands of '~'!l8bec~ aT'e <:ompared. 
with doll1,pant year-classes of ('od .J..n Tab:e r" Maximum spalining 
occurred 1n the latter part of J'.l!18 in 1 :=155 J bur: ,s,OiD.6 ;n:',.H~':l1ng 
was observed as late as August, M":c.1) monthl." '::€r'1peI'at-"i.T~5 for 
the period May to October (LauZl2j' lnr:~,\ 'J",'c:':'{, dve:,-::.~:e5 ';_J. 

obtain an 1ndex of the annl1.al vaTV.tl'::'L :,':; Tc,~,r:[! :ef!l;)£<":;, ,", 
dur1ng development" It may b.: !lr,t,:,:] that l: -:."8 of tb,o; ;:' '.r 
dominant year-classes shown in F; t:l~:'r~ (', .,,',_ :'U r:.n>'..L; ;:.:. . .:; .- l' 
when water temperatures WE::-e t c:'lnw l.h(' 2C' Y':,<:l :L'N'·-' 
other than that described In Fl~,ur-", h shr;,.!~ 1 L.t 
class was also produced iu ~;:·.!bjiv!·-';:or_ I,T ;;..r~'\~ t~\' 
year 19390 The 1941 year~r;lass> wr.~(h 'J..'~3 ,~ 1":ir;,,::1._'1'· 

for four years, was produced in the ~-',J,j,?s: :'/3:'-~::-

J ; 

Table I. Mean surface. temDera~,:.ure in ,:;'£!£.:...j:.~~.~':::"'':'J}:L~..i.:;. 9,':,,-_ "--':'J.!~ 
May to October. 1937 t() J..22i2. .. _A.t KcL:.:. I 31<:.:.". __ .1-:". _'i 

Temp. Domlnal~t 'i\:'inp '''1" .?, , 

below year- 'be: c'''''' i_ -
Iu1: bU.. DQryl ~la~= Year Iemr !". l1Q;mal _·:·12~.! _ 

1937 12.2 :i.<j47 12,3 X 
1938 12.1 1948 11.2 X X 

1~9 11.3 X X 1949 12.2 
1 0 11.3 X 1950 1108 X X 
1941 10.5 X X 1951 12.8 
1942 12.9 1952 12.6 

i~ 11.4 X 19~ 12,,0 
11.9 19 11-4 X 

1945 12.1 1955 11 ') 

1946 11.9 1956 11 .. ' 

Me8.:1 ; ~ , 'J 

-.------ ,-~.-.-"--- . 

A general warming of subarea l~ It,c<ters 15fd,~. 0:'5'," , .• ,,,",~, 
during the years 1940 to 1953 (Lauz1er., lqS-'~ S:III!';· !ri:l:~-.~, CIT: 
of this trend is apparent It: the table" Tn",,:'~- .:; r: .c,c..<::,g~.~ to.') 
o:f a reduction in recrUltrner.',: -'is t~'mpcra.tu.~·~'s ::. :,~-,,:, ,-0:': '''r,-J 
are so many year-c1a.sse~~ 'r;<;:1.ve:1 J~~ d'" :i."-:;i"·', ,-I; , '~~. 
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year (F1gure 6) that landings do not appear to be greatly 
a}'fected by fluctuations 1n year-class strength. It should be 
noted, however, that the good year~classes'l produc.ed in the 
relatively cold years 194 8 and 1950 were dominant i", the peak 
landings of 1956. 

(b) Growth. The growth !'ate of sutl(~lviS10n 41 c~[~,(~ Is of 
primary interest 1n the sturiy of <:!.ffectr, cr ':'.!f;v"!rcI'"11fl(7lt.3. fL'Ct.'~!·1!J 
and fishing on landings. Wf' he: '.Ie already I", tad thEl t !;;":.: ,; . h .... b S 
more rapid in 195'5 and ~ qf,e. thB.!1 -lu!'ing t ~(~ year3 ,Q., ",'>;. 
The causes of this arUlU .. a! vE"ti"'lat.1oT, ~.~ ',l. '11-_1. :1:-': ' .. !,,- ,~" 
on landings warrant exatt!] r~",tl()r:, 

Two Berta1Bnffy growtt, ~1~.~·.,r"'3. t,';.:..:'tfp·.r .. r:..f. I·',~f'." ·:1 

growth pOints for Caraquet cod, a;-p sbowt; In ~'lg'l:rG 'rile 
lower curve repre~ents the aveT:-I:'~ g ........ wt ", '!I-,:.·~ :.!i! ':18" :: 1.,,1 
1948 to 19520 The l.lp;er C'lTV·'" ,:)e~ 'r~c"'::: "T:.,; (',;-1 ,,'1' ,n" 

observed in 1956. (Jr'owth _11 1"'53 (':("JI,!'r.:·!!,.-.(~ '/I;~Til T,~l;"" :~I'·"·:;' .L 'c. 
19S6, but specjal s~mples of s:?'l_ cod Wf'~~ ~k~- \.~ 
increased growth rllte in ::'9"E w"'1 '~3Ir1: ':"Ol.' "'It 
cod. Eight-ye3.r-,.)ld cod 1r;cY'ee..3~c f['~:r, 'j:, ,;.1, -. 'I, ...•• ';' 

fresh, head-on j gutted weight .. 

Examirlation of 33~' ~, ... !,~ •. "> '. ; 

at which 50% of the c .. :-d maturE-G W'l'·' v 

.•.•. ;J;~. ~~. ,. 0 1',,0 

.>;:;,l,l!:!\ -:,:; tOe:::' 
males and about 59 ce::l:'1metrcc'."l. f'Jr 'ff·~;r!;:..i.'-'" 
continually, but the ,ieCTt::tSF") : 5 ':'-"rt!;,:,' 
!Il&tu~1ty. 

(~Dwt;; IT.,.~ 1;"-_"B,::.t'~(-·. 

':, ,,"d'·" --:: ;'. J., .... 

?1ve nur.~~rt~·j r·,nG [.~.ft,yo.~.·.~:, n,", 

in 1956, Crustnceans prec.OJrljr.3.te,_~ '.r, sr~~::i:~ -,rjj -'~' ':,.::, :)" ,:~:(',,1-
metres, and fish was the pr1nc1pa'~ t'j(J::1 '11' Lo[,;"..; '~(H1" -:;.c:~(" 3.f'C,j~l. 

euphausi1ds and rnysids were the- ,)k. jo..:' _. ,.~ ::~""·_3.n ~r -"'\..tp.:;: ri,:T'r L1.t: 
contributed 50% by volume of l,hf: f :sh ,-1-'0'; fo'lCl11 ... ·W;-;;:-~ I ':"1 :Ie] 
capelin were the other imnor-cant i'lsh fO'..lr::'.~ :'~ tJ:'2!iE' ('.C.;C. 

The increased growth rat'3 of l:C',j apI~€arp.d to l'dS1l1t 

from increased availability of mO::lbund he:-r::.ngc A hea·fY 
mortality of herr1ng was observeI'! in sUbdl',lsior:. I·T ln tr,t;i ye~l·.'!I 
1951+ to 1956. It was caused by a fungus, IchthycsporidlUlll 
hoter1 (Leim, 1955). During mesh selectl"n studies 1;: 195', 
large numbers of dead herring '1'H::re observed in the j-.et, and ~ t
was noted that cod were frequeLtlv p,orge,': w"H:l t1E<.ay.t1l,::; lH",rlnt!;~ 

The dens1ty of (od ·'is Ic;82.5:;1n;' !'l c,;,.+.c[J ")10':' W8>:!]', . ..,~ 
fishing by "Gloucester" class dr:'f',l:ers .. ,';: ~ ·,~ii.S8d ~'r':.·li ~ C:/.,c.; to 
1953, as the amount of fishing. or.. th1.s :"":':, ,:,{ 'Cy Ca:~L.jH1.n <1i.ld 
Buropean otter trawlers 1ncreased, The !'8'i1Jc::!d densl ty of '::od 
in subdivision 4'r may have r..ad an add.1tH-e eff~c"':: 1r:! tncY'e'-lsthg 
the growth rate. 

The increased gr'o'Nth anri incr(~a 
associated: with increasing landings in th 
Landing. did not increase in numb0!'s il:l 1 
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1+ 2+ 3+ + 5'+ 6+ 7+ 8+ 9+ 10+ 11+ 12+ 13+ 1'++ 15'+ 
Age Years 

F11Qre 9. Gl'OW1Ib in lengtb ot cod caugbt in tba nortbern part ot 
sUb41v181on 4T by Caraquet draggers dur1ng~wo per1ods, 
19*8-5'2 and 195'6. Observed average lengtbs and Bertalan1fy 
growtb curves are shown for the August to-October season. 
An equ1valent weight scale bas been added. 
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sizes of fast-growing c":'d brought c·lbout a ~:U·::,,:.-t8.r,.t:(::;. l.:-,.:.:::tease in landings by weight" Land1::1gs :i..(j Quebe",) New BrL<n3w:...ck" and Prince Edward Island totalled 118 mtlli0D p)>;':1ds'J gutted 'g91ght 9 the largest landings on :re('c;::,~, 

(c) Landed pr1ceo Ir! o!'der GO fO.'i!.r)",l; up GO::-dOr.'~ contention that economic faslors ~ontribt!t€l to catch fluctuations 1n cod, average pricE: per p.~,'.u~d to New Brunswick f.L,sh~rmen 1s plotted in relation to lanrling.!:. in FlgJr-e '5 n Frice fluctuationa did not appear to have ,r; pr(:nour:c~d .affect C'!l p09t ~war landings 0 Landings and prJce ~'I;:L'''' bet!"", -"L,-,;tjo'E':'y low -([11953. but the peak landings lr. 19Sf! \>l"HC. aE';. ~.,,(1 wit:-l ,'0. J,'C'<;'..>1It'8i' average price per pound f'· :>';-,'-' 

Landir..gs ,;8T'e low ,~lJ; -'-~!: ::h~ 
in 1921, and during the 11":1. '--" ,-i,~;', , . .:. 

.:c r ,:;, ?i1lir ;'l[~ro::lsslt')n 
'~,r,. 1"-;':)'< Larl.dings ana pr1ces were rel;:;"t1v~:ly ~'~"c 1. ,~: :.:" L·' - Y(>~·T~ ,. ~a.;.h World War, dur:tng th~ .-J. ~2(' ,,(,.1 __ l ;'1,- . \':":Ij 

F1shing effort a!;d J 3I:r~, -"1-" j;'L: ,."" -,----c' • p'j depression years 0 However_ C.t;Ilr,,-:, fP'~::: ..... :,f-(l f.:zh r"',-::--"~ relatively high factors other tbJ!) J.i:lnri~\: }·,r:.:....:: apper,".l.':' .,;~_ .'''' responsible for large fluct".1at:!.c,ns ir 1,,~'::':Hl!g2 

(d) Models. OVer -?I,d .3\)'.)Vf~ '"1'1 t.' f:· ~L': 
growth and landed price 0:: lan':: J: ," ~ '.! 
we must consider the efr"".:':~ -: "h1;.f' ,3 1. ,L yield. 

It 1."- h(:,::")~""",~ ~" 

, r:,::'; 

of small cod kt, sizes wL~:;'·.'o:- ,,:-c'1\t " f : 'j . ':'! '" Latural CaUs€'s The 2.'JVi"~'~ OJ. L' l!o:'·_t1.. ;; 
- ,.,' 

,",',":', 

.' ,Jr, 

\ i :.." Sul~iv18ion L.-T cr,d incr€:,:;.,€', ?,"-': t~i 
llP to the sUlallest mS!'K8t:·)~,lE' ~
believed to tc greRter th~ri r~~, 
It was on th.1s b8.sj s that ·~.he C 
mesh size tG produce e larve~ ~"_:.; 
coO. The advantages '~lf mesL 5:'~~~~ 
to be consid8red~ 

T ~d (~j :,: ... - 'fJ 

1 
,'. 

C:".- .'Sn::: ~'':I'. ,'t Ci'.'. i:; 
::PB.n '.! "·,cL-~. r~:" 

Iri order to C",:lnsi.-,1er ,I:,., ,,:';'ec~< f 1',"'·'.~ :1 ,~::lnc.' '1';; a seriel of models have been cal<: .Jlatozci iI .l.~:U!"l" :' " 'l'lw 1m.p,)r-tant variables involved are size Fi.t f:r.:;t :aptt.H; ill,:.d flshl~J.€ intensity. Relative yields (if sod haw: be'2f, df'te:-minec fo: tw~' levels of natural mortality, two g!'owth rd t-.E' 3 , j'r::.:..: me3h s1zel), and a series of fishing mortall ties 0 Y1eld ::~urves have been drawn for the four mesh sizes, and lines repr~santlng three levels of catch-per-unit-effort are shown for each model~ 

Yields were calculated on the basis of 10,000 fi.h, full:r recru1ted to the fishery at jOoent!metre •• A. r.oted in Figure 7, full recruitment at such a small size was not the caBe in 1956. Further stUdies may show that oalculations should be based on a much higher size at recruitment, for it 13 known that ~06 are differentially distributed by .ize, and that small cod a:r8 not as available to commercial fishermen as small hsddoCKh 
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Age composition and tagging studies are still inadequate for good estimates or mortalities. The size and age compositions for the periods 19+8-49 and 1950-53 suggest estimates of 15% and 3Q%, respectively, for total mortality. An estimate or total mortality rate for the period 1955-56 was only 22% for ages 5 to 10 year. (in 1955). This relatively low value resulted from the fact that abundance indices of two year-classes of large cod actual17 increased in 1956. Returns from the 1955 tagging in this ar .. are incomplete. Preliminary analY8i. suggest. that the tQta! 1nstaotaneous mortality rate for tagged fish was about .60 (45%). The true total instantaneous mortality rate, as ~termined from ace analysis, appears to have increased with the development of otter trawling to about .40 03%). On these a .. umpUons estimates of instantaMOtl. tagging, naturaL and fish1n& mortality rate. in 1955-56 were each .20 (15%). Model. have been calculated tor instantaneous llatural mor'ta:l..1 t, 1f-'S of .12 and .20, in order to cover the probable range of r;att!ral mortalit1es. 

The two srowth rates used in Figura 10 are based 00 the curves for 19+8-52 and 1956, shown in Figure 9. 
Selection curves for ?t, 4t, 5t and 6t inch mesh.net. (IeNAr measure) were approximated by straight 11nes, w1th 50% retention lengths at 22, 38, 46 and 54 centi@8tr.s, respectively, to provide recruitment data (McCracken, 1957~. 

, An examination of the models shows that change. in growt'h Or natural mortality can be expected to have marked effect. on the stabilized yield. With a 4t inch mesh, at instantaneous natural mortality rate (M) • .12 and instantaneous fishing mortality rat. (F) •• 24, an increase in growth such a. that ob.erved in 1~5-56 would increase the yield by about 4~. A deere ... 1n natural mortality from .20 to .·12 would have a similar affect on yield at the fast growth rata. 
If growth and natural mortalities remain constant, a change in fiahing intensity can be expected to affect the longt.r. yield. Lines of aqual landing. per unit of effort have b.en drawn in order to see the relationship between total yield and oatch-per-unit-effort. Catch-per-unit-effort decrease. oont1nuoa.ly aa fish1n& intensity i8 increased. Total landings, on the other hend, increase to an optimum and then decrea.e with increaa.d fishing. Such information i. useful for a consideration of great. at prof1t to fishermen, consistent with maximum landings. 
For given growth, natural mortality, and fishing mortality rates, the yield increase. a. mesh slze is increased. The ~. show that the optimum me.h size i. wall above 6t inches 1f growth is fast, or if growth i. slow and fishing 1ntensity i. high. With slow growth and low fi.hing intensity optimn. mesh size i. about 5t inches. 

The calculated yields are based on catches rather than landings. They do not take account of the fact that some small 
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8 
, , Shelburne County J , 

J 
I 

70 I 
~ 

50 .-- ~ 

30. i 
I 

--< 
"', \ 

j t • :io:: ~ .' 

200 ~~ :,,, :; 

Steak 
100 c_ .' ~'--..-~---" ~-

4 

". ,~ 
.~ '~ , I; . -

2 
'~:;.;-

1;-;0 , ) '38 t. 
,,- .:, Yeat' 

Flg~:i~e:' _~:i:'·; ii1..~'(.ial 'tJarl~+1on i~ 1.1.; .. 'i.. C'~l;.{Jj:;'r,· rll~<! U~1':' ~ ~ States 

. '," 

fisher-rIE"~: "!'"om t'he s-c·ut:.:.er .. , r..; .~ .s.-:.~ 11 .h.it arC:f: t.:f sub-
dJrV..!s.tO .. l lrJ:; .. perc~rltage i.:d' lul':;e cot J.1, United Sta't.ez, la.r..d1n,_~:; 
fr,.om'thl!:i V.rea; la....L:l:ng~ '.- ;1' :', ~t· :,!' l1n"~ trawl of steak and 
total cod .tt Lockenort; '\_-.(~ lc:..<,'1·3..:": t-:t:!ce per pound in 
Shelburne rJotmty, N. J. 
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cod are discarded at sea c Wherever SUCh i'l'-3.stage 2. t <:;ea is 
substantial, the gain in yield 'It~h la.:g mesh nets will be 
greater than that shownL S in::: f-; 1:["'.& prop rtlC.m of ,:::(;j d1.sca:rded 
1s small as compared with ha(~,joc¥." we ]-'a ,0_ :hosen to ignore thiS 
added advantage of large mesh n~t.s l!l t!11:.':- ,.1:),j~Jla 0 

The fluctuatlcns ... :; l8.nd1ng.:. 01 ·3ubdivi~h.,?'1 :.;-~ ~od 
(Figure 4) are consistel1t wit: th,~ 2ffo.::,:-I:.=. of fisn:ng J.r.t8!l5ir.y~ 
size at first c:aptuT'e~ c-.nd iZ -- .,\'. T.'1tf' ,r.c,wn In.the :JvJQi"'l.,,, 
During depres3J.on ;.rt':'ar-s p-:.': :,?:, :-I!Ji ~lwl.L'1~~" We:e !'-.d.a t _1 vell low. 
During war years prlr~e.~ 1r,(:; E::'~':C-': ';,lL: :L,_ndlng,:: in~:;-E!2s,:>,4 
toward the c:ptLil. ... m It.:.~ il$' __ COO . ~_; ·:11!~ l:-,t e L,':"--

increased with better pr.t (·0218 lU 11-,.:., '. 4.-....; yeti!",. fisJlln.~ 
intensity increased~ aod tl.· ..... ·'1.?;P. ;;,.t f' -I ~"'J.l't,r,~' was T·':;~\' .. ,~ 
as a result of' the 13r~,:-.;(,,~;,. ~j' l'c·.:--"';,l!i ;r·~,a. .:.1,:.;6 r1!:':-!ln~ ' .. ' 
otter tra-..11ng. Dllring t-;:it t~<i",l :c'!;,;~ng3 "L-J~ '_:"':It.c;p 
per unit of e!"'f')r'~ deCT'€aSIj,l. Ii. ''::''. "·1 1.,---;:. ,'- -::'J'tH.'-. 
rate 1ncrea.:H~d" an'~ ':;'aJldlngs .1'" ·-:a:~· 1 • \(~,~,,' c:':::,"" 

On the Dasi. of these 31~d~i'~ .. r 
of the fishery, it 1s ~r",dlct.!:l.:1 t1~d.t :.1.", 
Can be increased by increasir.g 21'0':;iI. S.1ZF~ 
mesh size presently accepted f':if 3~L3~ea 
size may be well above 6t i;,CC:E:3 < (,1F: ~', 

",~: U 
!j" 

" Ii._ ~r,t· :+t i.-,-il 

on mortal1ties is needed befGr~ t' -st 
can be deterrilirled. 

'1<-' I' !',', i_lll'Jr!: ma:,:j 
I. .~ 1 "l '" • ',~'

. ,z': <\' '~:,::;~. 

It '*111 be 1rup',s::)-~~.·1.' i\, ffif':}''" 

in<:L mesl) sjze vn laliol.llgS:.L" ::-JL ... :';:!:.' 
. L~' ;.;>. 

L;" !_ f 
the ::mall qU-'Eltttlas t)f fL~.h '11.'0 ,; ,~C(; 
trHwlers Hi. 197'(~ w111 be- Si:lV'--;,:; ~ .. y L :'[':' ·.LL ~ ,,,, Pl. ... ,,::.,.,: .' [ 

w11J be ;:;llltl.ll eomp3red witt] ,:,\,_,;: ,j 2. "J',~ ':('];'-. ,: :, ',' I 1,' ~; 

variation 111 rec~ult~ent anj g~\'wt~l 
would have to be adopted to p;-.:,',h;,.:,:,,
landings. 

Subdiv1sion If-A cod 

i, :TU< 11 ' !;:ogr,: .::,,,.--;] 
me:L;,H-i.bl0 . ~-.rf:~ ~ ".:'. 

Land1ng9~ Most of the cc,,; g(',t .:. .. ;' .·V1'. '.1 
been landed in Canada, and most uf tr.c; C .... :·.d:.l[:.[. lar.J:..~ b 'J ~.,.-• .-(. 

been in Shelburne 'County" Nova S':.ut1a. St,'lt1stlc~)i landing5 
for the years 1938 to 1956 f:,"om the l.,r.sho!'t-! g:rouuds off She:b;!.'."';." 
CoUnty (statistical unit area 4XO" includ :.ng Roseway :Rink) :",-:'"~ 
shown 1n Figure 110 United States landing::! from these ~rollncl_s 
have been relatively small throughout th~ period, and they ha'\'~B 
been 1e •• than one m111ion pound. annually since 11,6. Total 
landings varied between 10 and 14 million pO'lnds anlUa2.1y duri:lg 
the years 1938 to 1942, and 11+7 to 1951,0 but they "ere b.tw~8n 
16 and 18 mUl10n pounds during the yean 1944 to 1946. As noted 
above for- subdivision 4T9 and for suba:r'~-;!1. ~ as Q whole,·. landingiS' 
were unusually h1gh at the end of Wer-Ie W,." II. 

The proportion of lar~ .. ~ ':c-o ':c. :'0 pO'.nls L"'Jsh 
head-ony gutted) caught off 5(mt:t:'~'Tr! I'k·,· :::;~_::t1s. <F~g H~ 11 ~ 
.. s 'tak49>n from United states statlstlcs ,.-::.' .:a::l!11r:.g'3 a: tr;: 
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maJor Jlew England ports. As in subarea 4 a5 a "holo/ tile per; 
centage of large ~od 1n~reased aur 1.ng tt& .latter po.rt of the 
.,r t and the proportion of large ~od ..... a:; exceptlonally ~!.gh 
durlng the years 1946 to 1948. 

Fishing effort record£. have been ·;:olle':':t~;i. f ')T' more 
than half the boats landing a.t Lockepo.:t Q Shelburne Got...ntYj s1nee 
1946. Landings by market categcr~e5; and numbers of tU"' of gear 
fished have been recorded 0 A tu::- of gea= Te.p::-esent5 an al/erage 
of eleven 50-fathom l1nes, w~th abo'.lt 50 ba . .!ted hooks per 11neo 
The annual variation in landings per tub i,~ shown in Figure 11., 
Thta index of abundanoe was hlghest when 1"nd1ng. were highe., 
in 1946 and 1952. Catch per tub of largd cod! over 10 pounds, 
varied in the same manner as that of total cod~ 

sties and ages 0 The average sizes bnd ages of God lar.·de1 
by Ifo.o -and-line fishermen from 5ubd1vi.!i.o:n 4X d:l..:'fE:f ~":l rna::17 
reapectl from those landed by dra.gger., f:rom sUbrl!\,"! . .si·:;n 4T 
(Figure 12). In general, the average length has been <onsldeIcbly 
smaller than that of Caraquet cod 9 and the modal length has been 
in the sorod market oategory, below 2t pounds, fresh, gutted 
weight. Size oomposition has been more stable du,ing the year. 
1948 to 1955 than that observed at Caraquet, New Brunswick. 

The oomparison of size compos~t1ons of Lookeport and 
Caraquet ood beoomes more mean1ngful .. hen interpreted in the 
light ot age oomposition studies" AppI'ox1mately one fifth c,f 
the Cod measured were assigned to age FCuPS by examining n .• !r 
otolitha. The ood fishery off LGckeport depends on much y",.nge" 
tish than that off Caraquet. Three-year· old cod oont~ib·lC.~ 
substantially to the f'1sherY9 and cod over 6 yea:rs ar'e of SID8.:l 
importance 0 As in the case of sL~e composlt1on~ age. (.::.rnpos1t1..:'1 
hal been more stable at Lockepcrt than at C.a~3queto 

The s1ze and age compos:.tions das:.rlbed r,:,pr-':'3e~1': 
thoae tor the quarter November to Janua:y~ Thera aT~ .some 
leasonal variations in sizes and ages of cod at Lockeport, 
During the month. ot February to April, larger cod are landej, 
although young, 4-year-old fish frequently dominate 7he landing •• 
!be older, mature cod spawn during this quartero The propc~tlon 
ot large cod i. considerably lower ln the second and third 
quarters of the year (liay to Octobe,.) but It-year-oID cod con
tinued to be dominant in landings 0 By the fourth quarter, 
November to January, younge!", 3-yea::'-old l:'od normally :ontrlbllte 
the largest numbers to the fishery. 

Size. discarded. There is l1ttle information aV'allab1~ 
conoerning the quantities and sizes of cod discarded at sea on 
inahore grounds oft Shelburne County. It has been noted above 
that IIIOSt of the cod taken from thl. area have been caught-·bf' -
baited hook.. The .mallest hooks used commercially for cod ~nd 
heddock fi.hing in .ubarea 4, #17 Mustad or #6/0 Pf:euger, are 
used at Lockeport. Fishermen have Claimed that negligible 
quant~t1es of cod Bre discarded at sea as too small for mar
bUill. Studies of hook selection by McCracken (l951'l support 
this contention, in ~hat the smallest cod t eken with #17 hook. 
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were 31 centimetres long ~ Very few cod Wforf'l grr.aller than the 
smallest 36 centimetre cod in commercial :a~dlngso 

In 1953 a few observations on .j.!£~.J.Td'3 were obtained 
from data collected during bait exper1mer:.ts at Lu-:.kepcrt ~)lal"'tL~ 
and IICCracken, 1951+). In April, 1953. ~ .;ample of ood mE.a.;uled 
at sea had a mean length of 62 centimetrE:3 .. and 43% ;)f the fid~:. 
were of scrod SiZ8 9 below 49 centlmetreso 'A comme::'cici.l sample 
taken at Lockeport at the same time had ~, m8an le.ngtn of 65 
cent1aetres and 19% of the fish were sc~"d. 

Some cod are d!scarded at se:.! ::.n. the so\O.thern Nova 
Scotia area, but the proportion w5.sted 1~ 1'Juch smaller' than 
that observed in d~.gger fishing off nor~h€-::':l New Brunswick. 
The proportion disdarded by line fishing 1" believed to 'e 
small. The proportlOll disoarded by ott.~r trawlers in sutdl~':is1on 
4x is unknown, but we do know that the totd.l ,:.atch by tL1.s me"tho':: 
1s relatively small, and the pror;ortion of ltn-6E! fish '~o~.-e!' l(l 
poUllds) 1n the land1ngs has averaged about 50% by weltcct ju"~,,g 
the past 20 years. Most of these trawl ccj w~:r15 ::aught in deep 
water, incidental to fishing for !edfish. 

Gr!th. The growth rate of southe!'n Nv~;a Scotia CJ·j 16 
descrlb~ in Figure 13. Since no chang~ in- g:rowth l"ate compa:"G:::":'~ 
with that of subdivision 4T was olJserved~ one grow"'Ch cu~'ve IE.: 
sho.n, representing average growth dur1ng -:.he years 1947 to 19S6~ 
The February to April quarter was selected becaU53 it was a p(ciod 
at good sampling, growth stagnation, and large num"berj 0;'" Yos,r c

, 

classes. A Bertalanffy growth curve lia5 ca~cul.::.t€:c f:-oII'. t·te 
observed mean lengths of each age grou~. 

Examination of 
Scotia, from subdivision 
5~ matured was about 66 
centimetres for females. 
rap1~ly beyond matur1ty, 

325 gonads collected at F .... 'e.er·.");,t-, No,'/i 
4x cod 9 showed tha:': the size '<I.t wdl .. ·!::. 
centimet!'9s for m2.:i.,~':i ~ and e ~out 7,) 

Growth T'ate appea::-~ co j(.::!:::'ea..318 mor~ 
at 6 to 7 years. 

Cod have been longer fa.':' a given age in landings frc'r.'j 
subdivision 4-x than in those from subdivision 4-!, even in the ye:u's 
1955-56 when cod growth 1n the Gulf of St. Lawrence wes rout ra;id. 

Growth in wej,aht is fastest in yOlli~ cu·d. Gronth does 
not drop below 50:( by weight pel' year until after the .ege of 5 
years (58 centimetre. or 3t pow1ds). It will be noted bel-Of! tL;t 
losses: by natural mol"tal1ty are much smal':"er than gain by growth, 
It 1s accordingly believed to be advantageous to leave s~all, 
fast-growing cod in the water until growth begins to slow dowr.< 
The best size for t'lrst capture Is undo!.lbtedly well above tb::; 
smallest sizes now landed from southern Nova Scotia grounds. 

*Mglng. The distribution of recaptures from the only pos'> 
war tagging of southern Nova Scot-ia cod i:~ June tc OctoQoar, 1'153~ 
is J.hown in Figure 14 (McCracken q 1956). Recaptu::-es wE'.:. ... e ml;.in:!..y 
tak,en by line fishermen from neighbouring :!..'1.shore grounJs. 1.\1 
contrast to the extensive seasonal migrat:..ons of cod observE:d 
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in the Gulf of st. Lawrence, the Lockepol't taggil'g irodlcsted 
no pronoWlced seasonal movements" HoweY<:l:l"9 more cad were 
rwcaptured deeper, at about 50 fathoms, juring "winter" month •• 

There was a cons1derable amount of seasonal variation 
in the numbers of tags returned (Table II). Most tags were 
recovered during "summeril months ~ Although large quant1t1el 
of cod were caught during the nwinter ll 3aason~ the numbers of 
tags returned then were very small. The ~esults of pre~war 
'tagging by McKenzie (1956) indicate that the cod that move 
into the Lockeport area during the ii.Iotsi'" months live to 
the east of the Shelburne County area in~nshore waters during 
"summer" months. 

It appears that this southern Non Scotia cod fishery 
depends largely on a resident stock of ('.cd which dces not con= 
tribute to the cod flsherie-s of other 2.::'E'e.S" The f1~he::y d'..ti'1ng 
"winter" months takes large numbars 0:" cod which move l.t.to tho.?' 
Lockeport area. 

The number of tag recoyeries~ ty type of tag an6. by 
season and year t is summarized in Tab:,? rIo Th& !;~,te,'ls.i·:.'; 'T~ 
the fishery, and the high importance of flshlng m:)':-·~.'!':"'it::'";. 
relative to natural and tagging morta.lity .. , is' shc'I;"n :,y the fo.',;,"::' 
t~t .~a.f of the disk tags hsve been recoveled. 

Table II. B~2!~~J~a !t2m ~gg taCg~Q or.r l·.~,cl&~:r;;!Q~jJ.JI, ;;I QB ;"n 
Mil:.: to O~t.ob:§!r~ :95.3 • 

Recoveries from 608 disk tags. 

Iw. lin-Oct. lov ~=ln~:r i l:.J..al 

19~-4 171 (28%) 65 (11%) 2J< (39.%') 
19 -'i 105 6 ::::'1 
1955-6 8 3 11 
'1956-7 4 1 ~ 

-' 

Total 288 (47%) 75 (12% ) 36;; (60% ) 

Recoveries from 933 Lea hydr.:..s-tatlc ta.gs 0 

19~-4 152 (16% ) 76 (8%) ;028 (24;() 
19 -5 77 2 '79 
1~l·6 3 0 3 
195 "'7 1 0 1 

'~a1'" 233 (25%) 78 (8%) 311 (~%) 

_ Factors afrecting landingsv Some of the effects of the 
env1rollJllBnt and fishing on landings of cod from subdivision 4X 
are ClQWIldered under the headings JI:'ecrultment"'j "landed price"' 

,-aDd wlIQdel li 0 
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(a) Recru1tmento In the souther:~ N'J~Ja. Sect.:...) 2rea cod grO"R 
rapidly. They enter the f13har:i in larg':':! numbe~~'f; 0. ~ t.hE age of 
3 and most of the cod die, largely bee,u56 of fishing, by the 
age ot 6. Under these c:lr::"ll:l1stc:.l"Ices, t: !1.s.:' -D~An ros5!ble in lC 
years to examine the abundance of a number cf YSn! -c.las2es Just 
after recruitment to the f1she.'y, Fe:" 8. row 'y~ar· .. :::la,,:;se5 we 
have determined the total r.outri1?'...J.tion OJ tne HL.:)('k,,-':.-crt 11 f1sheT:r~ 
Recent fluctuations in ye8.T-:.:la2,: str~~'lgt!'l S:'E- ~·0:1':i:.j~,:",~·j in 
relation to mean surfEl;:€, 'M~"!:(:r .,:mp~rtl· '.I. ,'e.:; '.'n r.hf; ·:.:u:' hd'~J. 
and in relation to landj!"!gJ en ~,118 nth,',:,,, 

Indl~cs of , ... tunC,,· '- ... ' .-J <;:'~ ::""'2 ,·r l.",."::' 
Lockeport, Nova Sc.ctLi, <tr~~ /S,·f1,l 
the "winter" months cf ti':lvf:;ffib~r t, Ap::r'~:_ 
fishing has been C'1,::-lAJ -'ut.:~ ,,, <,,~'<C" ,0:::"1 ll,n L,:!:_"·~·':" 
of abundanc~. therpforF." '~;:.;>fer :'~'l;~-~:'- >.~;; >_ 1,C,.)!·-I:·;, 

Sampling has been !l";Of'7 ,"'}.',ts.·-.::.l·/~· ·Jl'·~'~· 

Fluctuatic'r:~ 1" le:,,:-\·lCi.~': .. ,~'.' ,-::~, ·1;~."I. ~l 
relation to water teC1J!e!".':it<1!"~" ·;;.8 _~-i;:' ",.-' .~_ri F:,:,.d·_ ; __ •. 
variat1.on in water tempCT1T:Ul' '~. :~, ;:-\;OtJrf-seIJ~5,5 ~'Y --': ~~..:. 
surface temperatures at St, ;i.Ii.d::· W~. New R' '.;~l';:i,' ,:1'_ ~ ':" 
division 4X" Hachey and !{;,.;Lell-~:l (i.<;;!..:~) !J':'."':' Eh';;.\{~' _,,". q.o::'j~
temperatures are generally indicatlve .;t' '1a!la-t:1l)1l~ l'-: t'1e 
surface water conditions OVF3r th,,· m,"tl ;JHtl:n ,J,( tr_E ;\~:'3.Il:~~ 
coast of North America" The t.eTIlperc:] (,1"';':<:: ,':icale '"las bE;~.1 reveJ'_'5(~j 
for convenience in consideration cf the ::,el:;3.t~,.<',.n~h~ p b~,:.we':.">,\ 
temperature and recrUltmento I:--:,_:lC'e~.l ::,ul,jcl--"::f'.: (I:':' :"-:":;d~:--

classes at recruitment to the flsherr 8£':: !'<::.'prr-,se~,t~.o =:; ::',,,:.,d~:;:<'
in numbers-per-tub of 3- and 4~,yea!"=old ,:;cd by j,art o)!' - ~1~ 
Lockeport fleet of boats in the r~onths ~f :tLv>:~:-:~beX' (:::: ;'.;..::'1'::'" 
Contributions of 4- to 6~year-o:d cod ar.:;- 3hJ'Nr~ :~cr t":. Y'BT= 
classes 1943 to 1950~ and total r:,ont:'lbut:'G~1~ a:e S[,(JW!' f0:.' ':1:;3 
year-classes 1943 to 1947~ Land1.ngs in p01;,:1c.~s per,-,t'.,··) :..i'-g'::,l.: 
fished, and total landings by the ~'Lock!:'por:1t '~Odt,::, i!1!c,:vad ~_.~ 
this study, are recorde:l for tbe y' "-s 194~ to: -_ 956. 

There was a close rE':-Lltionsh1p bet-wseI'. Vdr'lc.tj,:JD.S 1.:1 
temperature during de'velopment nnd variatlon3 in t . ..1E' .~blJndarICa 

of cod recruited to the fishery :Fig,urE: IS}" ReCrL!:..tit!f"r't w"'~~ 
relatively high when water tem;:,r-:raturcs we:,:: ::-elatlv"':," lr". 
Conversely, recruitment de~rea5e~ ~ur::-J~ :-e~~~:-;.re~l ,~'~~,::·rr.,~(':'-s. 
However, it 9hould be nntev. that a_thl~nl5h Wdt~ __ t, .. :lJ-' .. ~t_,.B,_ 
increased during the 1943 tc. :)~,,' perL·j j r,"'c:-,;-< .. ~!Tlt,~t -L>': :;-, 
show a similar gradat:!.G:lo SurDC :olLtl :L-,,(:t.,,-: '-1::' ·,;'R::'la·_ -' .r' 

spawning time m1ght be of lI!l]1Cl't,olnct:' b,,-·r-,~l. 

Fl'.1ctuatio:1s lE t(;t9.1 '_'.(lJ1t!,:;.t';l:,~','·~ T 4· Y.'!; 
old cod conformed with "Iar'iatiolL:: Hi n[)IHl,'i-,-r)';~ 2~,,-:':'.~t_ 5 
recruitment. Total contribut10115 of y~>3.: ·';:lassl~s a130 "~L'''j_e::! ~" 
a similar manner j but the 1943 y8a:r--cl8.'~~ '::00t:-"Q-,utej we.H' o:'j 
cod than subsequent year~clas5es, pC-52:'..:2.,;"" 'be.: T13-? oi le.-;"O:; 
intensive fishing. 

These fluctuatlo:ls 1n yea~·c':':i. :-, -';,!engT,!"'. '.~_ ... ,,:)'t,; t.hf 
same pattern as variations :!..n WEJight laD-le,] p~jr.~"':::ut: .. o!~>gt'1ir 
fished, and in total weight landed (Figure 15). In thU 
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comparison the landings are out of phase with year~class&s by 
4 years since 4-year-01d cod are norma:ily .:iomlnant 111 landings. 
Variations are not expected to ccrre,spond closely In such years 
as 19+7, when landings included mO:'e old coj. Fluq~uat~ons in 
landings by the "Lockepo;-'c ll boats ,:.onfc-TIII wi':!1 th~ '!aria-r,ions in 
total landings pres~nted in FigurE' 11 ~ 

It is concluded that annual vCJ.:.::'at:':"02~ in yE:aT-":·l&.$~ 
strength has been a factor of primary 1mp~)rtan(::e ir. p(.st.~-waZ'
fluctuations in landing5 of cod trom the .sollther:!1 Novd. s,~~otta 
area. 

Year-class strength ha.t. been .:orrelated v:'ith wartsr 
temperatures, but the relationship 1s no: fully understood. Cad 
l:.~rvae may have a bette!' chance for suy-;,7lv6.1 1~, th~s area when 
water temperatures are relatively low. Alte:ti!atiyeli~ the ba$1~ 
factor involved may be annual variA.tion in the rncveme;!:.t 0:' wE.t~r 
over the Scotian Shelf du~ing the early pelagi~ :!.!fe of c<>d. 

(b) Landed priceo Land1ng.s of lrishore cod in Shelbt.:.r:c~~ 
County have been positively correlate1 with landed,prlcB. Annual 
1,q,nd1ngs varied between 99 and 171 million po· .. mds whi5!n V:..nd~d 
price was 3 to 1.,. cents per ponnd" Landi.'.1.gs varied tEJt:.(;I'~ . .;..'1 5:, a:nn 
132 million pounds when landed price Was 1 ''GO 2 cc.ut,~ p.a~ PC:u.:lj. 
In general, both landings and landed price h.1~f!':l 11:cr~1,-~:~:~ (' ..... rlnF-; 
the period 1921 to 1953. As observed by GCTI..~on (1')5;) ~1·1:"(·Bt,lX-.1: 
in cod landings have been partially afff.:,.:t?,j by '!:':'(,:m,:;,ml-. l'Clctc:r~. 

The average arumal landed pr1cfOa CI£ :'oi! .I.l S"Kl')\:f'c:;;, 
County are shown in relation to land~~1gs ~'.~T th~ T,e.ricd 193.'3 tv 
1956 in Figure 11. The highe st landlng5 '; .. e1'"G ma,t.; V,r,!,:-s!-'l ls.;.-;.j~d 
prices were h1ghest~ but landIngs and landeJ ~r1':t::.wE.:e fl'.:-t 
closely correlated during this wartime and pcs't-vJar !>n-:..-,d, 

AS noted above for su.bdlvision 41 ') l.:-;.!;,il'!"l~;:' ." i 1';,:1,">?':' 
price of cod were lower between the tWJ ''ih:::'2.j v,o;.::..~:. U:''::'l,. they 
were during and after World War II" Although landing. have been 
correlated with landed price, it 1s clear that other faotors 
have been responsible for large fluctuatlc!l£ in lacdlngs e 

(e) Model. In order to (!onsider the E>ffects c; s:!.ze at 
first capture and fishing 1rltE:rl51t;y~ on tt.e yield of z.;u.bdi·llsion 
4x cod, 8 me del of the "Lockeport" cod f~5~1eIY has been drawn up. 
It Is presented in two forms in Figure 1t:. Relat:::'·Je yit2Jl":'$ of 
cod have been determined for one level Df :Jatural morta11ty ,j. one 
growth rate, four sizes at first capture j and fiv'3 lelrels Co ... 

fishing intensity. In one panel an isopleth model is shown. 
In the other, yield curves are presented for the var1cus sizes 
at first capture, and lines representing three leve:'s of oatch-
per-unit-effort are shown. 

Yields were calculated on the basis of 10,000 cod, 
fully recruited to the fishery at 30 cent1met:es. As notea 
above, this is the size at which cod first e!lter the :·")rr..merc jal 
fishery in southern Nova Scotia& God a.re l,orrr.ally net ful.i..l-'" 
recruited until they reac.h a It:!1gth of abf ::t t,.5 ,:.entimetrBs. 
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A 50% retention length of about Ito centimetres would appear to 
describe the selection of "Lockeport" cod. Because of the lack 
of precise information on discards of cod, we have chosen to use 
a lower size for recru1tmento The general conclusions are not 
affected. 

Paloheimo (1957) has used the catch-per-unit-effort, 
age composition, and tagging data described above to determine 
natural and fishing mortalities of "Locke port" cod. The total 
instantaneous mortality rate was estimated to be about .60 (lt5%) 
for the ·summer" seasons. This gave values of .07 (5%) for 
instantaneous natural mortality rate and .53 (ltO%) for instan
taneous fishing mortality rate. Since this does not take account 
of tagging mortality, an even lower natural mortality rate is 
implied. A consideration of confidence limits places the 
instantaneous natural mortality rate between .00 (0%) and .20 
(18%). Fishing mortality was high during the months of May
August, and low during the rest of the year when fishing moved 
to deeper water, and a different population of cod moved into 
the area. The estimates of mortality rates were further 
obscured by the sudden decrease in numbers of recovered tags in 
the second and third years after tagging, possibly because of 
losses of tags under conditions of rapid growth. The instan
taneous natural mortality rate used in the model was .20. 

The growth rate used in calculating the model was based 
on the Bertalanffy curve shown in Figure 13. 

The 50% retention lengths of 30, 38 1t6 and 5lt centi
metres correspond with mesh sizes of 3*, ~i 5* and 6t inches. 
Ilost of the "Lockeport" cod are caught on 11 7 Ilustad hook,s, 
and these have a 50% retention length, comparable with a ~ inch 
mesh, at about 38 centimetres (IoIcCracken, 1957a), 

A point describing the estimated post-war size at 
first capture and fishing intensity is marked on the model. 
The model shows that catch-per-unit-effort and landings can be 
increased by decreasing fishing intensity, or by increasing 
size at first capture. The greatest benefit is expected to 
result from an increase in size at first capture. This might 
be achieved by using a larger hook size in line fishing and a 
larger mesh size in otter trawling. If the instantaneous 
natural mortality rate is lower than .20, we can see from 
Figure 10 thet the benefit of reduced fishing, or larger hook 
and mesh sizes, would be greater than that shown in Figure 16. 

Since data are lack1ng on the effects of density on 
natural mortality and growth, optimum size for first capture 
has not been estimated. Only the direction of change for 
greater yields is clear. 

The wartime increase in landingSl shown in Figure 11, 
is cons1stent with the effects of changes n fishing shown in 
the model. During the years 19lt2 and 19lt3 fishing by United 
States otter trawlers declined. In Canada, the number of men 
fishing and the number of tubs of trawl, as shown in annual 

C7 



fisheries statistics for Shelburne Coun.ty -, d9")'1:':..n€j .:..:.bstantially 
in the years 1941 to 19t.-.3 0 The n~t l'e~~llt was a d€c::'ease :'n 
.fishing effort 9 a possibl"" net increase in ~ !zc B.t flr6t capt'l.::rs 9 
and a slight reduction in total l[",ndlr .. g.s c Ir, 19W .. tc., 1946 the 
yield was substantially above thE- long-,te:.-m c·\l'erag-e,. -:ateh-per
unit-effort was higher than d:lrlr.g pos1:. --'wa:'" yea!' ~ ',' ai/.d the 
average size of cod increased c, In pos'C~wal year-s~ as fishing 
intensity Increased~ landinf:'.s~ catch·-pel-~t,rl1.t~'effo!"t~ and average 
size of cod reverted to p~p~waT :~velsQ 

It might be argu.::d that a few good yea.!'·~C'la.3.ses cotL.d 
have produced the increased land::"~'1gs cJtse~---vE:d during the latter 
part of the war e This appear.; unlikely s.:.:·~::€' landtngs !ncreased 
during the same years 1n subd1vislon 4T and in subar~a 4 as a 
whole, as in subdivision 4X j and the year· '.::2.asses !.nv-o':'ved must 
have differed greatly from one a:,"ea to ar~lU"!.e:r- t .. e';a-:.:e.3e of the 
very different growth Tates in thu d1~ferent pcpulst i::-u;:'" 

On the basis of these stud:£~' of '1 m0dl~1 and 'J1' tho? 
history of the fishery, it 1s prtdict~d that the 1"ng··tec"1'I 
sustained yield could be increased in s1 ... bdj",r:!.S10!_ 4x by in..:::reas:"rl.g 
hook and mesh sizes, or by decreasing fish1;::lg lnte:ls:t.yo 

Management 

Now that it has been predicted that; the o~·-:;'rnum ~!.Z~" 
for .first' capture of subarea 4 cod is ('onside:rably h::.,?;.!.l.€:1' than 
the 38 centimetres retention length already aC"d;,te~ by lCNAF, 
it is desirable to give consideration to ~:::':'D.e vf the pxa.cti·::a! 
problems involved in a further increase in gea::L" s.ale,:·ti.J~"1o 1:1 
the first place, we are interested in the equivalent mesh s:"c% 
and hook sizes for a series of cod sizes which naVE; cC'lums!'(':ial 
or biological sign1f1cancen SecondlYQ we are ~once~n~d with 
the effects of advantageous changes 1.0 ~od'~fi.shing gGe.l' on a"choaT 
speCies which are caught with cod. 

In Table III a series of cod lengths are listed wh1ch 
have commercial and biological significanc€:n The mesh and hook 
sizes which provide 50:1\ retention of fish at these lengths are 
also listed. The data on selection factors for- cod wIth manila 
codends, and 50:1\ retention lengths for cod w!th a f~w of the 
standard commercial hooks, are t aken f~om M':,Gracken a 957) 0 He 
has shown that the selection factor (50% rptent~on length! 
equivalent manila mesh s1ze) for cod is about 3d, and that the 
smallest standard commercial hook size 1 #1? M\lstad 1 1s ~pproxl ~ 
mat ely equivalent in selective properties for cod to a 4t inch 
manila mesh size (ICHAF measure). 

The 4t inch mesh s1ze accepted for subarea 4 and the 
1117 hook size select cod at the ..smalle.:;t ma.!'ketable s ~:;o o;!' cod 
in Canada. Since smaller cod are not normally taken in very 
large numbers by the commercial fleet~ the protection offered 
to cod by this gear selection is small anj the adva.]tages arG 
not measurable" 
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The 5t inch mesh and #14 hook sizes ha7e a 50% 
retention length for cod at about 46 centimetres. This fish 
size is in the low-priced, small (scrod) market category. It 
is predicted that selection at this f10h s1ze would have little 
immediate effect on total landed value of cod, and that the 
long-term yield would be higher than that observed und~~ present 
environmental and fishing conditions. 

A 6t inch mesh and a #12 hook would release all the 
scrod and the smallest medium cod. For subarea ~ as a whole 
the total landings and total landed value are predicted to be 
still higher for selection at this level. Only under conditions 
of low fish1ng intenSity would we not expect inCreased landings. 

A 7t inch mesh and a #11 hook would provide a 50~ 
retention length for cod at about 63 centimetres. This length 
is close to the Canadian cull between small and medium markat. 
categories for green-salted cod (about 5 pounds fresh t h",ad.~O", 
gutted weight). The optimum size for first capture oc cod may 
well be this high in subarea 4 but more information i8 n~e~~d •. 
It i. ot interest to note that the 1956 Report of the Ad Hoc 
Committe. at the Permanent Commi.sion claims an optimum m&sh 
s1ze for;;:~orth,'Bea cod of about 200 millimetre. (8 il1chu). 

:¥"tllceneral then size at first captur& at SUbarea 4 
cod can be il1creased to at least ,0 centimetres ·irith a small . 
immediate loss in total landed value and a SUbstantial 10ng
term increase in total landings of large~, more valuable cod. 
This increase can be achieved with a mesh size of 6 inches and 
a hook s1ze of about #13 Mustad. 

If size at first capture of cod were incr6ased to 50-' 
centimetres by controlling the .izes of meshes al1d hooks, whet 
would be the effects on landina. at othe1' ,~·oundt1.h ape'!ie$? 
In order to give superficial consideration to this .. prob~e:u, 
subarea 4 landings of groundt1ah b.r specles, subdiyi.,ons, and 
countries have been summarized tor the years 1954 and 1955 
(Figure 17). 

In the Gulf of st. Lawrence area (subdivisions 4R, 48 
and 4T) the dominant spec1es 1s cod. Haddock is of relatively 
low importance in the area, and almost all the catch is taken 
from the southern part of SUbdivision 4T. The redflsh catch 
is substantial, but this spec1es 1s caught in cleep water by 
otter trawlers fishing specifically for this species. Negllgib1e 
quantities at redfish are landed with landlngs of cod. Large 
catche. ot flounders mainly Amer1can plaioe BrP~P.l~.Oiclt. ' 
pllto •• pides (Fabricius), are taken from sUbd1v s on inc dental 
to drag,ing for cod. The only other species at importance·in 
groundr~8h landings from the Gulf of st. Lawrence i8 hake, 
Vro~hIir rep;!'. (1!1tchill), most of which are caught on bait.ed 
hoo s t e southern part of subdivision 4T. 

In subdivisions 4v to 4X, whIch include the orfshore 
Nova Scotia banks, the specIes composition of groundflsh landings 
1.· more mixed than that of the Gulf of Bt. Lawrence. Haddook. flld 
.pollock are of much greater importance. In fishing for cod, h.cldock 
aad ,flounders contribute substantially to the total landings. 
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4x 

Groundfish landings for the years 1954 and 1955 from 
groups of subdivision3 of subarea 4 by countries and by 
species (cod, haddook, redfish, flounder and others). 
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Species composition of these groundflsh landings 
differs from one country to another. The E'llI'Opean c.ountr1es~ 
France, Portugal and Spaln~ have been primarily interested in 
cod, and particularly large cod, for salting. The United 
States has been most interested in redfish and haddock during 
recent years. Canadian landings have been primarily cod, but 
about half the total groundfish landings have been other 
species, with haddock second to cod. 

In recommending a 4t inch mesb size for haddock 
fishing in subarea 5, Graham (1952) has pointed om; that tllJ.,' 
1s but a first step in management. A second step to about 5* 
inch mesh (age 3 years and 50% retention at 44 centimetres) has 
been advocated by scientific advisers to ICNAF Par:e:. 5 to 
further increase haddock landings. Optimum size for fj .... st 
capture of subarea 4 haddock may also well be about +1+ cent:!." 
metres (equivalent mesh size 5t inches and equivale.nt hook 
size (17) (Doc. 8, leNAF, 1955). An incroase in 'llesh size 
for subarea 4 cod to 5t inches is thus expected to have a. 
beneficial effect on landings of haddock. The eauiva~e!1t hook 
size tor cod (about #14 Mustad) might be too large for haddock 
fish1ng, but this may prove to be of little ooncern .ince most 
ot the s.ubarea 4 haddock are now caught in otter trawls. 

Subarea 4 red fish are of little concern here sinc;. 
they are mainly caught independently of cod and haddock. 

IIcCracken (1957") has demonstrated a selaotion factor 
of 2.0 for pla1ce taken in manila codends, and similar selec·· 
tiv1ty for other flounders. The minimum size of plai~e oulled 
for commercial landings in Canada is about 35 centimetre3. 
Under these clrcumstances~ none of the marketable sizes: ,)f 
plaice would be lost to commercial landings by adopting a mesh 
size as high as 6t 1nches~ A similar conclusion presumably 
applies to other offshore flounder species. Since most flo~~ders 
are taken in otter trawls~ hook selection is or little -:'oncern 
for these species. 

It is concluded that landings of the other major 
groundfish species would not decrease by the adoption of a 5t 
or 6 inch minimum mesh size in otter trawls used for cod-f1sh1ng 
in subarea 40 In the case of haddock~ such action wO!lld probably 
increase landings. 

Research 

Fluctuations 1n landings of subarea 4 cod have been 
related to both environmental factors and effects of fishing, 
but their relative importance is not yet clear. There is need 
for intensive research on cod and other groundfish species to 
permit more precise predictions of landings and 1mpro\1"ed 
estimates of the effects of restrictions on fishing pr8ot1ces 
on the maximum susta1ned yield of cod and other groundfish 
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species. Research should be intensified along the following 
lines. 

(1) Statistics -- (a) Statistics of past landings by 
European vessels should be obtained from log books 
and landing records of individual trips. 

(b) Indices of abundance should be 
studied thoroughly in order to obtain a better 
understanding of fluctuations in stocks. 

(2) Sampling -- (a) Better data are needed on the size 
and age composition of stocks and landings. 

(b) Information on the quantities and 
s1zes of groundfish caught and discarded at sea is 
required particularly. 

(3) Ecology -- (a) The pelagic and deep-water distribution 
of groundfish is not sufficiently well known. Further 
exploration is needed to determine the relation of 
fishing to total stocks. 

(b) What are the environmental factors 
controlling the distribution of groundfish? 

(It) Recruitment --(a) What are the effects of temperature 
snd larval drift on the strength of year-classes 
entering the fishery? 

(b) Under what fishing conditions can 
we expect optimum long-term recruitment? 

(5) Growth -- (a) SpeCial sampling of small unmarketable 
fish is required for more complete growth curves. 

(b) To what extent is growth dependent 
on climate, food and density? 

(6) Batural mortality -- (a) It is important to determine 
the magnitude and variations of natural mortality at 
the smallest fish sizes now caught, under conditions 
of reduced fishing intenSity. 

(b) Is natural mortality density dependent? 

(7) Fishing mortality -- Tagging stUdies should be continued 
to provide data on mortalities. 

(8) Food -- Jhat is the extent of annual variation in the 
abundance and availability of groundfish food supplies? 

(9) Competition -- A study of fish food of various sizes and 
speCies of groundfish will provide data on competition 
and predation. 

(10) Selection -- The selectIve properties of various hook 
siaes and of trap nets are poorly understood. 

(11) Vodels -- The effects of size at first capture and 
fishing intenSity on long-term landings from repre
sentative populations of the major groundfish species 
can be better understood by the construction of models. 
There is need for more intensive work in this field. 
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A resear~h IJrogram of i:.h:.3 rt;'J.tJ": L·l~e is expe:Jslv.e 
and long-term, and pred.ict:..ons :)l~ the ",:-t«ts '):: ma:1agemen ...... 
of the fisheries will lmprcve v'''·'"Y slJ'!l':/o I;:. .:June ;ase~ 
the process can be speeded !;.p :y :Of.is:;.~l·~~·1~·.f ~hs odj,.:, 10 
favour of restricting flstilng opcra"tic·:1s, ar:·j on "':.h15 basis 
introduce expet'imental regulat.1:J.:1s wniu:; an Do? adj~sted in 
accordance with observed changes in th~· fisher~.~.~ ~ Th~s ha!? 
been the approach to management vf s~lb;,: .~';;'l 5 ~azdc:,.K, and the 
principle should be extended tG subarea ?:.I :od~ if methods of 
measuring the effects o!"' management ca;-, t(;, .jf'vslop6d" Reseal'::.h 
effort should accordingly DE: concentratb1 e'n proj~·~t£ which 
will provide base-line irSormat~on in .3u.f~~.:..~1ent d.::ta1l t:. 
permit evaluation of the effect~: of maUl.g'2lTI6nt. From this 
point of view, we should place resear,; h e~;'1.as.1s 0;'1 detailed 
statistics and sampling of -::·cmzre:,:·ial "a-'>-:!1e3"~ a.'1J :l-t'? 
relation of these cat~hes to tutdl st'J: .I.{S" Th-; !:;":~i'..:: ~:'.::: c:f 
environmental factors on :':"andlngs 5h'.Ju:"j be J::.'teI'nri.n.":.j ~;;: 
precisely as possibl-3 in o::der t'j imprGv:, t.flO:: ;;1\''::::. } ..... '.').' 

the effects of changes in s 1z€: ;., C f::. ~.~ ,;;7. r. .;,r .. t "'..ire .:-or- :..i.. ;',',: ':""It'?. 

intensity on the yield fr:>m the f15hE:~"o.:".~o 
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F1gure 18, Map of subarea 4 show1ng geographic locations mentioned 
in text, 
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